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. 
Subject: Xroaian t e a t s  on Narrare &.mite Foundtition Sample 

No. gB-1040 taken from Teat Fit No. 3 a t  an elevation ~f 
4373.7 f eet--E$lergency spfilway--Narrows hm--Misaoiri  
Hlver Basin Project .  

To determine the  erosion res i s tance  of the  clay-l ike mate r ia l  
(weathered shale)  locatad i n  t h e  proposed unlined emergency sp l l l ' ~ . ay  
chamel  a t  Narrows Dam when subjected t o  water ve loc i t i e s  of 2 t o  16 
f e e t  per  second. 

Note. Erosion t e s t i ng  of e a r th  samples i s  a new kind of t e e t i ng  - 
f o r  the  Hydraulic Laboratory, and t he  equipment and procedures used 
are experimantal, 

CONCLUSIONS 

1. Most of tho matorial  t h a t  w i l l  be removed by a givon water 
veloci ty  i s  swept away within 4 minutes. 

2. The clay i s  removed i n  f l akes  anrl small pieces which break 
off  along nntural seams and f rac tures ,  and there  Is no appreciable 
tendancy f o r  it t o  wash off  i n  small par t i c les .  

3. The c l a y  w i l l  withstand v ~ A o c i t l e s  up t o  8 f e e t  per second 
without oxces/~ive  erosion. Veloci t ies  of 1 2  t o  1 6  f e e t  per sebond w i l l  
cause excess1 ve erosion. 

4. Whorl t h i s  c lay is  weathered by laboratory wett ing and dryiug 
cycles and tllen subJected t o  ve loc i t i e s  as low as  1.5 f e e t  per second, 
the weatheratil port ion of the  specimen washes away immediately. 

L 



1. If erosion t a s t s  are t o  become a post of tho standard labora- 
tory  Investigation of emth materials, t e s t  oquipmnt should be devel- 
oped tha t  w i l l  measure the r a t e  of erooion on a quantitative rather  
than qualitative ba8j.s. 

2. Develop a standard t o s t  procedure t o  better compare the 
erosion resistance of various materials. This w l U  require, i n  part ,  
erosion t e s t s  on several different ear th samples. 

INTRODUCTIOlP 

Narrows Dam i s  a proposed ea r th - f i l l  structure t o  be b u i l t  acroes 
the South Pla t te  River about 10 miles northwest of Fort Morgan, 
Colorado. To avoid unnecessary expenae on the structure, it was sug- 
gested tha t  the conveational concrete spillway be designed t o  accm- 
modate only the normal peak discharges which occur On the  r iver .  An 
emergency spillway, conoisting of an unlined channel cut through the 
clay-like m a t e r i d  which exists  a t  the s i t e ,  would be provlded t o  
pass the excess water a t  the higher flood flows. In order t o  detsr- 
mine the f eas ib i l i ty  of the suggested design and the dimensions r e -  
quired t o  pass the flood watars, the Dam Divlaion requested infoma- 
t i o n  concerniq the water veloci t ies  which the earth material  I n  the 
emergency spillway could withstand without eroding excessively. 
Therefore, an undisturbed earth semple (Earth Materide Laboratory 
N o .  9-1040) was procured a t  thc s i t e  from Teat P i t  No. 3 a t  an eleva- 
t i o n  of 4373.7 f ee t  and shipped t o  the Earth Materide lkharatory i n  
Denver, Two specimens were cut fram the sample and erosion t e a t s  
were conducted by the Hydraulic Laboratory. 

The sample was a hard, moist, eas i ly  fractured, s l ick ,  tan-colored 
c lay  (weathered shale) containing a few large gypsum c r y e t d s .  There 
were many small fractures i n  the ample and one large f rac ture  zone 
near a corner. 

APPAWQUS AmD TEST PROCEDURE 

A schematic diagram of the erosion t e s t  apparatus Is ehown i n  
Figure 1. Water wae supplied through a 6-inch standard pipe and a 
t r ans i t ion  section t o  the 16-inch wide by 66-inch long t e a t  chute. A 
valve was provided t o  r e g d a t e  the diecharee and a flow straightener 
was placed downatream from the valve t o  ineure mooth, e traight  flow 



stream 2 icches deep, and t he  elope of the  chute w a s  adjusted at the  
d i f f e r en t  velcci t ier ,  t o  maintain t h i s  depth over the  full  length of 
the  speclmen. The velocity of the  water over the t e s t  s p e c a n  was 
determined by measwin& with a Venturi meter *he quanti ty of water 
flowing, and. dividing t h i s  qwmti ty  by tho oross-sectional a rea  of 
the  f l o w i t q  water i n  the chute of t he  t e s t  appmatus. The water 
discharged f r ee ly  from the end of the  chute and was returned t o  t he  
supply channel by a trough. The f l oo r  of t h e  t e s t  box was made 
adjustable t o  permit moving the specimen t o  keep i ts t o p  surface 
l e v e l  with the  chute f loor  as the  specimen was washed away. To avold 
surges and excessive v e i o c i t i e ~  over the speclmen when the  flow' was 
s ta r ted ,  an obstruction was placed across the  downstream end of t he  
channel, t he  chute flooded t o  a depth of 2 inches, and the  control  
valve slowLy opened while t he  obst ruct ion was removed. A f i n a l  ad- 
justment of the valve es tabl ished the des i red  water ve loc i ty  over t he  
specben .  

Two t e s t  specimens approximately 8 iilchos thick,  10 inches wide, 
and 20 inches long were prepared from Sample No. B-1040 by the  Earth 
Matorials Labxatory f o r  the  erosion t e s t s  conducted by the  Hydraulic 
Laboratory. One of these specimens was placed i n  t he  t e e t  box wi%h 
the  side which was uppermost i n  the  f i e l d  on top i n  t he  box and \.eve1 
with the f l o o r  of the  chute. The space betweon the  sample and the  
s ides  of the box were f i l l o d  with sand t o  within ono-half inch of t he  
chuto f loor .  Modeling clay was then placed i n  the remaining space t o  
form, as  nearly as possible, a mooth continuous t r a n s i t i o n  from t he  
f l o o r  t o  the  top surface of the specimen (Figure 2.A). 

Vi~ual xaeans were used t o  Judge the  erosion on the  specimens, 
and photographs a r e  presented i n  t h i s  repor t  showing the conditions 
as the t e s t  progressed. In  several  instances approximate measure- 
ments wore made t o  supplement the photographs. A t  the time of t h i s  
writ ing,  a feas ib le  method of determining tho quantitz of mater ia l  

I removed i n  the  erosion'process had not been developed, Weight measure- ~ ments could not be used because a laxge change i n  moisture content 

I 
occurs i n  tho mater ia l  during the  t e s t s .  Volume measuremonts could 
not be used because same mater ia ls  ( pa r t i cu l a r l y  clay) swell  when 
water i s  absorbed. Material. co l lec t ion  methods were r e s t r i c t e d  be- 
cause equipment was not available which could f i l t e r  out the f i n e r  
mater ia l  dislodged from the  specimon and still  pass the l a rge  quan- 
t i t i o s  of watar used. I n  addition, the  s m a l l  s ize  of the  specimens 
t e s t ed  probably prevented a c lose  s imi l a r i t y  of the conditions which 
occur i n  the  f i e ld .  Therefore, the  r e s u l t s  presented i n  t h i s  repor t  
are qua l i t a t ive  only, and using t he  laboratory t e s t  r e s u l t s  t o  pre- 

I d i c t  f i e l d  r e s u l t s  must be done with care. 



l , 5  t o  19.5 f o e t  per eecond, and the  se lec t ion  of the  ve loc i t i es  used 
on a specimen depended upon the  nature of the  material .  It was hipera- 
t i v e  t o  se lecc  an ix l i t i a l  veloci ty  low enough t o  prevent extensive 
damage t o  the  specimen before adequate data could be taken, while on 
t he  other hand, time would be vasted by s t a r t i ng  v i t h  ve loc l t i e s  too 
low. The ve loc i t i ee  used on the R a f i 0 w s  specblC3IlE r w 6 d  2 t o  
16 f e e t  per second. 

The, first  erosion t e s t  w a s  conducted using a water ve loc i ty  of 
2 f e e t  per second. Considerable c lay  was hm6diatel.y dielodged from 
t h e  specimen iri f lakes  and mall piece6 which broke away along natural 
seame end Fractures. Thle act ion continued a t  a decreasing r a t e  for 
about 4 minutes. Wte r  t h i e  time, only an occasional f l ake  was car r ied  
away. There xas no noticeable tendency for t he  c lay t o  diesolve and 
wash away. After 1 hour and 40 minutes' operation, t h e  f lov wa8 stopped 
and the speclmen examined. The regione where the pieces were dislodged 
were well dofined, occurring along seams and f rac tures ,  and were eroded 
a marimurn of f ive-eighthe inch below the  other port ions of the spechen  
( ~ i g u r e  2B). A close examination of the  "uneroded" m a t e r i d  revealed 
t h a t  extremely th in ,  minute f l akes  approxinaately one-thirty-second inch 
i n  diameter had been removed fram t he  specben.  However, the  clay die- 
l o Q e d  by t h i s  act ion was negl igible ,  

Succeesive t e s t s  w r e  made using ve loc i t i e s  of 4, 6 ,  and 8 f e e t  
per second f o r  duration8 of 1 hour, 1/2 hour, esd 1/2 hour, respectively.  
N1 t e s t s  were made on the same specimen and the  cumulative erosion a t  
t he  completion of each ruxl is  shown i n  Figures 3A, 3, and 4, respeo- 
t ive ly .  The erosion uc t icn  at these higher ve loc i t l ee  waa ~imiler t o  
t h a t  f o r  tho 2-foot per second velocity whereby nearly a l l  the c lay  r e -  
moved was swept away i n  pieces du r i  the  f i r s t  4 minutes of operation. 
The maxjmum depth of erosion was 8 inches while t he  average depth 
f o r  the specimen was one-half inch. 

After completing the 8-foot per second t e s t ,  t he  surface of  t h s  
specimen w a s  r a i sed  2 inches above the  chute f l oo r  and then cut and 
trimmed down t o  the  floor l e v e l ,  thereby obtaining a mooth surface 
( ~ l g u r e  ?A). Water was passed over t h i s  new surface at ve loc i t i e s  
ranging from 12 t o  16 f e e t  per second f o r  a t o t a l  durat ion of 3 mlnukes. 
Considerable clay was d i s lowed  fran the specimen, most of it being i n  
irregular pieces 2 t o  3 cubic inches i n  volume. The maximum depth of 
orosion was 2-3/4 inches while the average depth wae 1-1/4 inchee. One 

.por t ion  of the specimen, however, remained unaffected by the  flow 

~ (Figure 5B). 



To determine the effect water w i l l  have when flowing over 
weathered areas of t h i s  c l a y ,  a t e s t  was made using the second apeci- 
ment cut from the or iginal  sample. Thls block was placed i n  the t e s t  
box and exposed t o  al ternate  l/2-hour wetting and 3-day drying periods 
for  a t o t a l  of 4 weeks. A t  the end of t h i s  tlme, the surface of the 
specimen was weathered t o  a depth of about 1 inch and when dry, re-  
sembled a dried, cracked mud f l a t  (Figure 6 ~ ) .  Water was passed over 
this spechen at a velocity of 1.5 fee% per second. ~ d l a t e l y  the 
weatherad clay began t o  wash off i n  q&nti t iea great enough t o  color 
the water an opaque brown. O n l y  2 minutes were requlred t o  remove 
the weathered material and a t  the end of t h i s  time the water w a s  shut 
off .  Numerous tmvLU loose pieces which wuLa be swept away by higher 
velocity flows were found scattered over the surface of the speciman. 
Several mica deposits were found protruding above the specimen surface 
as they he& been unaffected by ei ther  the weathering procese or the 
flowing water (Figure 6 ~ ) .  Further erosion on the specimen would have 
occurred i n  the same w a y  a s  i n  the t e a t s  on the first specimen, and 
therefore the test ing was discontinued. 





Figure 

A. Appearance of Test SpecimRn no. 1 before a t a r t  of eroeion testa.  

B. &onion af'ter l h o m  and 40 minutesi expos- at 2 f p s  velocity. 

Flow w a s  frm l e f t  t o  r igh t .  



A. Ekosion af'ter 1 hour and 40 minutes' exposure at 2 fps, and 
1 hour at 4 fps velocity. 

B. Ekoeion af te r  1 hour and 40 minutee' exgosure at 2 fps ,  1 how 
at 4 fps, and 1/2 hour at 6 fgs velocity. 

Flow was fim left t o  right. 

msIom ON TEST SPECIMEN m. 1 
EROSION T B T S  ON NARROWS D W I T E  SAMPLE B3. YB-1040 



Eroalou a f t e r  1 hour and 40 minutes' exposure at 2 fpe, 1 hour 
to 4 fpe ,  1/2 hour to 6 fpa, and l / 2  hour t o  8 f p s  velocity. 

Flow was from l e f t  t o  right. 



Erosion aftor 1 hour* and 40 mlnutes' expoaure at 2 fps, 1 hour 
to 4 fpa, 1/2 how: to 6 fps, and 1/2 hour to 8 f p e  velacity. 

Flow was f'rcm left to rwt . 

EROSION ON TEST SPECIMEN RO. 1 
EBOSIOIV TE\TS OA WIRROWS DAMSITE S A W U  li0. 9-1040 



A. Appearance of Teet Specimenlio. 1 after being trimmed 2 inchaa 
to a n e w  surface far hi@ velocity tests. 

B. Erosion after 3 minutesf ex-posure at velocltiee ranging A.cun 
L2 to 16 fps.  

Flow was frm left to right. 




